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輪胎屑填方過熱反應的探討 
張光宗(1)  賴丞昶(2) 
摘要 
輪胎屑在美國已被用來做為路堤及擋土牆後方的輕填方材料。它可以單獨使用或者是和
土壤混合使用。已完成輪胎屑填方的路堤到目前為止還算穩定，但有幾個案例卻顯示這些材
料有產生自燃可能性的問題存在。國內將來也可能嘗試使用輪胎屑材料做為填方材料。分析
這些著火的案例發現，著火的原因是輪胎屑本身溫度的升高。而溫度的升高，必須是材料放
熱反應產生的熱量比從材料所散失的熱量還大。燃燒過程的初始放熱反應，是因為微生物的
活動或是暴露的鋼絲和橡膠的氧化。不過，微生物不能存活在超過 75o C 的環境下。輪胎屑的
橡膠和暴露的鋼絲的氧化是導致放熱而造成高溫的主要原因。當輪胎屑填方材料的某一成份
達到它的自燃溫度時，燃燒就會發生。 
以輪胎屑做為填方材料時，其設計必須使暴露的鋼絲和橡膠氧化反應的有利條件減到最
小，降低每一層填方的厚度或有利於散熱的設計。由於輪胎屑填方材料放熱反應的特性，我
們應該了解到即使其設計可成功的防止燃燒的發生，輪胎屑填方材料常處於高溫的環境，如
此會影響其力學性質。 
(關鍵詞：輪胎屑、填方、熱反應) 
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ABSTRACT 
Tire shreds and tire chips have been used as lightweight fill materials for roadway embankments 
and backfills behind retaining walls in the United States.  The shreds and chips can both be used by 
themselves blended with soil.  Scrap tire embankments that have been constructed to date have 
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 remained structurally stable up to date.  However, some shredded tire projects might have 
combustion problems.  These materials may be used in Taiwan.  Self-heating is the thermal source in 
these cases for ignition.  For a self- heating reaction to take place, it is necessary for the heat 
generated by the exothermic reaction to be greater than the heat loss from the mass of material.  The 
combustion process is initiated by self-heating by microbe activity or oxidation of exposed steel belts 
and rubber.  However, microbes are not able to live above 75oC.  The oxidation of rubber tire shreds 
and exposed steel wires is the main cause of self-heating to higher temperature.  Ignition can occur 
when one of the ingredients in tire shred mass reach its   autoignition temperature.   
The design guidelines for fire shred fills include minimizing favorable conditions for oxidation 
reaction of exposed steel belts and rubber, reducing fill thickness or making a design facilitating heat 
dissipation.  As self-heating is a characteristic of tire shred mass, we should realize that despite a 
successful design against fire, tire shreds tend to behave under a higher temperature in fills, which 
will degrade their mechanical properties. 
 
Introduction 
Shredding of scrap tires produce chunks 
of rubber ranging in size from large shreds to 
smaller chips.  Tire shreds and tire chips have 
been used as light-weight fill materials for 
roadway embankments and backfills behind 
retaining walls. The shreds and chips can both 
be used by themselves or blended with soil. 
Highway construction is a vast application for 
shredded tires, for example, light-weight fills 
crossing soft or unstable ground, regular fills, 
retaining wall backfills, and edge drains.  To 
date, more than 70 successful projects have 
been constructed on state, local, or private 
roads in the United States.  Tire shred fills are 
attempted in Taiwan recently. However, three 
shredded tire projects caused fire in 1995.  Two 
of these are road embankment fill projects 
located in Ilwaco and Garfield County,  
Washington.  The other is a fill of a 
retaining wall over a rock slide area on a 
canyon in Glenwood Canyon, Colorado.  The 
problem is under research and has curtailed the 
use of all tire shred fills on highway projects.  
Those three cases are all shredded tire 
monofills.  To find the causes for the fire is 
important to prevent similar occurrences on 
future tire shred fills. 
Factors affecting soil 
temperature 
Soil temperature varies depending on 
environmental factors and factors of itself. The 
environmental factors are as follows (Baver et 
al., 1972). 
(1) Solar radiation: Generally, solar radiation 
is the thermal source.  It depends on the 
angle with which the soil faces the sun 
and the insulation by air. 
(2) Condensation: Water vapor from the 
atmosphere or from other soil depths 
condenses in the soil, it heats up 
noticeably. Under such conditions, 
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increase of 5o C and more in soil 
temperature have been noted. 
(3) Evaporation: evaporation is an 
endothermic process. Moist soils are 
seldom very hot. 
(4) Rainfall: depending on its temperature, 
rainfall can cool or warm the soil. 
(5) Insulation: the soil can be insulated from 
the environmental temperature factors by 
a plant cover, mulch.  During the summer 
insulated soil is cooler than soil that is 
directly exposed. 
(6) Vegetation: transpiration of water, 
reflection of incident radiation, and 
energy used for photosynthesis by plants 
tend to decrease the temperature of the 
microclimate of the soil. 
(7) The soil factors influencing soil 
temperature are discussed as follows 
(Baver et al., 1972). 
(8) Biologic activity: biologic activity evolves 
heat, and the greater this activity in the 
soil, the more it is heated up.  Soil high in 
organic matter, mineral nutrients, air and 
sufficient moisture can heat up several 
degrees over biologically inactive soils 
nearby.  
(9) Color: dark soils and moist soils reflect 
less than light-colored and dry soils.    
(10) Surface: a soil with rough surface absorbs 
more solar radiation than one with a 
smooth surface.  The ridging of fields 
causes increased evaporation.  The albedo 
is decreased, which means the incoming 
radiation is greater.  Therefore, the 
temperature of the ridged fields is higher 
than those that are level.  
(11) Thermal capacity and thermal 
conductivity: the thermal capacity and 
thermal conductivity of materials related 
to shredded tire mass are collected in 
Table 1. 
In addition, the heat capacity of air is 
negligibly small.  The thermal conductivity of 
moist soil is greater than that of dry soil, and 
the thermal conductivity of dense soil is greater 
than that of loose soil. 
(1) Structure, texture and moisture: 
conductivity increases with bulk density.  
Soil of platy and blocky structure has a 
higher thermal conductivity than soil of 
granular structure.  Moist soil is more 
uniform in temperature throughout its 
depth.  
(2) Soluble salts: the concentration of soluble 
salts affects evaporation and biologic 
activity. 
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Table 1 .  Comparison of thermal capacity and thermal conductivity for different materials 
(Wildschut, 1946; Whitby et al., 1954; and Humphrey et al., 1997) 
Material Specific heat 
(cal/g-oC) 
Thermal conductivity 
(cal/cm-sec-oC) 
Dry air 0.25 0.5×10-4 
Water 1 13-14×10-4 
Iron 0.11 1600×10-4 
Rubber 0.4-0.5 4-6×10-4 
Soil forming mineral 0.2 30-300×10-4 
Dry tire chips 0.25-0.5** 2×10-4* 
Dry soil 0.2-0.25 3-5×10-4 
*  From Humphrey et al. (1997), apparent thermal conductivity ranges from 0.11 to 0.18 Btu/hr-ft-oF.  
take the value as 0.15 Btu/hr-ft-oF which equal about 2×10-4 cal/cm-sec-oC. 
** The specific heat of the composition of air and tire chips should be between their respective value.  
From Humphrey et al. (1997), if take volume heat capacity of tire chips as 400 cal/m3-oC, its identical 
value is 5.6×10-4 cal/g-oC.  Obviously, it is not reasonable.  The unit must be “K”cal/m3-oC, then 0.56 
cal/g-oC can be obtained.  
Autoignition temperature 
Source of ignition, oxygen and fuel are 
three factors for a fire to take place.  As to a 
mixture of tire shreds and soil, the fuel is 
rubber and the point required to understand is 
what the source for ignition is.  Generally, 
sources of energy for ignition are classified as 
mechanical, electrical, thermal, and chemical 
sources.  The autoignition temperature of a 
substance is the minimum temperature at which 
that substance will initiate and sustain a 
combustion process.  It is not an exact 
temperature as it is dependent on several 
factors (Bond, 1991): (1) The method of  
 
 
determination. (2) The composition of the 
material. (3) Oxygen concentration. (4) The 
shape and size of the combustion chamber. (5) 
The rate and duration of heating. (6) The delay 
time ( The time between a material being 
subjected to a particular set of thermodynamic 
conditions and the onset of ignition). (7) 
Catalyst effects of materials.  Autoignition 
temperature is a flammability characteristic 
related to combustion of tire shred mass.  They 
depend on chemical composition, particle size, 
etc.  Ignition can occur when one of the 
ingredients in tire shred mass reach its 
autoignition temperature. 
 
 
輪胎屑填方過熱反應的探討：張光宗、賴丞昶 
 113  
Self-heating 
Thermal source is one of the sources of 
energy for ignition.  Among the types of 
ignition by thermal sources, self-heating is 
most related to the combustion of tire shred 
fills.  Self-heating is a process where a solid or 
sometimes a liquid dispersed on an inert solid 
becomes hot enough for combustion to occur.  
The cause of this self-heating is an exothermic 
reaction involving oxidation, polymerization or 
decomposition.  
Microbes are also able to carry out 
reactions which generate heat.  The microbes 
are not able to live above 75o C and therefore 
other chemical reactions have to take over for 
the ignition to occur.  For a self-heating 
reaction to take place, it is necessary for the 
heat generated by the exothermic reaction to be 
greater than the heat loss from the mass of 
material.  As the temperature increases, so does 
the rate of reaction and the rate of heat loss 
until equilibrium is reached.  If combustion is 
not then occurred, the temperature generally 
falls.  A self-heating reaction takes place over a 
period of time, whereas spontaneous 
combustion occurs very quickly. 
The heat of reaction is proportional to the 
mass or volume, but the heat loss is 
proportional to the surface area exposed.  Table 
2 shows the effect of cube size and oxygen 
concentration on the minimum ignition 
temperatures for cubs of wood sawdust.  Figure 
1 illustrates that with the same volume of tire 
shred fills, the one composed of smaller 
volumes has greater surface area for dissipating 
heat.  Among the materials which are listed as 
substances liable to self-heating in Bond (1991), 
iron filings and rubber scrap are most related to 
a tire shred mass. 
 
Table 2 .  Effect of oxygen concentration and sample dimensions on the minimum ignition 
temperatures determined for cubes of wood sawdust (Bond,1991) 
Oxygen 
concentration 
(%) 
Cube 
size 
(cm) 
Minimum 
ignition 
temperature(oC)
4±0.5 2.5 260 
 5.1 225 
 7.6 205 
9±1 2.5 240 
 5.1 210 
 7.6 190 
21(air) 2.5 230 
 5.1 20 
 7.6 180 
30±1 2.5 220 
 5.1 190 
 7.6 175 
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Figure 1 .  (A) and (B) have the same total volume of tire shred fills, but                                                            
(B) has greater surface area for dissipating heat 
 
Potential reasons of exothermic 
reaction 
According to Humphrey (1996), there 
have been some reports of exothermic reactions 
in stockpiles at tire shred production facilities.  
Information on four reports is extracted in 
Table 3.  Oxidation of steel belts and rubber 
and microbe activity are the possible reasons 
which lead to self-heating of tire shreds.   
5.1  Oxidation of exposed steel belts 
Steel wires are exposed at the cut edges 
of the tire shreds.  Tires have a steel content of 
10% by weight.  In addition to iron, the 
composition of typical bead and cord wire is 
shown in Table 4, in which carbon and sulfur 
are substances liable to self-heating (Bond, 
1991).  The fundamental reaction for oxidation 
of iron is: 
4Fe + 3O2 + 6H2O → 4Fe(OH)3 
 
 
5.2  Oxidation of rubber 
Tire rubber is composed of synthetic and 
natural polymers, carbon black and other 
ingredients such as hydrocarbon oils, 
antioxidants, zinc oxide and sulfur. The 
compounds are very stable below 250oF.  
However, rubber scrap is a substance liable to 
self-heating.  
5.3  Microbe activity 
Microbe activities can generate heat. The 
possible microbial activities can be classified 
as follows (Humphrey, 1996): 
1. Absorption of nutrients by microbial 
growths on the surface of the steel belts:  
this reaction augments the oxidation of 
steel belts. 
2. Production of sulfuric acid from sulfur 
compounds and liberation of organic acids 
by fermentative growths: acid substances 
lower the pH.  If pH were to drop below 4, 
the rate of oxidation of steel belts would 
increase significantly. 
 
(A) (B) 
Tire shred 
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Table 3 .  Reports of exothermic reactions in stockpiles 
 Size of stockpiles Location of fire Temperature Comments 
Case 1 __ A 6-in thick zone 
located 3-ft above 
the base. 
Surface: 130oF 
Bottom: 500-
600oF 
__ 
Case 2 200ft long, 100ft wide, 45ft 
high. 
__ __ 10-20ft of unaffected 
chips beneath the 
heat source 
Case 3 10-50ft high mid-height of a 50ft 
deep area. 
mid-height of a 30ft 
deep area. 
__ 2 in tire chips 
Case 4 15-20ft high __ __ 2 in tire chips 
no problems with 4 
in chips. 
 
Table 4 .   Steel composition of tire cord and bead wire (Dunlop Tire, 1990) 
Compound Tire cord Bead wire 
Carbon 0.67-0.73% 0.60% min 
Manganese 0.40-0.70% 0.40-0.70% 
Silicon 0.15-0.30% 0.15-0.30% 
Phosphorous 0.03% max 0.04% max 
Sulfur 0.03% max 0.04% max 
 
Discussions 
1. According to some reports of exothermic 
reactions in stockpiles of tire shreds, we 
can understand that self-heating is a 
characteristic, when a large amount of tire 
shreds pile together.  The way to avoid 
self-heating is to pile tire shreds loosely in 
order to dissipate heat easily. 
2. To find the location and the temperature of 
the thermal sources is helpful for finding 
the causes of self-heating in tire shred 
mass.The location of thermal source must 
be the place where tire shreds generate 
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most heat and dissipate it with the lowest 
rate.  From Table 3, the locations of fires 
are around a mid-height or near the base of 
stockpiles.  By the description in 
Humphrey (1996), the locations of the 
thermal sources for the case Ilwaco and the 
case Garfield may be guessed (Figure 2). 
                                                                                   
 
 
 
 
 
 
 
Figure 2 .  Guessed locations of the thermal sources 
3.  The highest temperature must be at the 
thermal source.  According to Table 1 and 
Humphrey (1996), it is expected that the 
temperature of the thermal source is higher 
70oC and maybe as high as 300oC. 
4. Tire chips have a lower conductivity and a 
higher specific heat per unit mass than soils.  
Tire chips can be used as subgrade 
insulation when the thermal source above 
ground (Craig et al., 1996).  On the 
contrary, when the thermal source is in the 
tire chips themselves, the property makes 
the heat hard to dissipate.  Besides, the 
more the fill thickness, the harder the heat 
to dissipate. 
5. Some gases can be generated after the 
oxidation of tire shreds.  One of these gases 
in voids or tire chips may react as 
autoignition, depending on which one 
needs a lower autoignition temperature or 
ignition energy. 
6. Minimizing access to air and water and 
increasing the size of shredded tires are 
ways to minimize oxidation reaction of 
exposed steel belts and rubber.  To 
facilitate heat dissipation, increasing the 
surface area of the tire shreds bodies by 
design the fill as inter-layers of soil and 
tire shreds or as soil and tire shreds 
mixture may be feasible ways. 
Conclusions 
1. Microbes are able to carry out reactions 
which generate heat.  However, they are 
not able to live above 75oC.  The main 
cause of self-heating is oxidation of rubber 
and exposed steel wires.  Ignition can 
SR 100 in Ilwaco, Washington  Garfield, Washington 
Guessed locations of the thermal sources 
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occur when one of the ingredients in tire 
shred mass reach its autoignition 
temperature or ignition energy. 
2. Conditions favorable for oxidation of 
exposed steel belts and rubber: free access 
to air; free access to water; large amount of 
exposed steel belts; smaller tire shred sizes 
or rubber scraps. 
3. The design guidelines include minimizing 
conditions favorable for oxidation reaction, 
reducing fill thickness or making a design 
facilitating heat dissipation. 
4. Despite a successful design against fire, we 
should realize that tire shreds tend to 
behave under a higher temperature in fills, 
which will degrade their mechanical 
properties. 
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